Abstract
for horseback riding and exploring attraction sites such as Petra and Dead Sea. 103
Only horses kept in big stables are vaccinated against tetanus, herpesvirus and 104 influenza. 105 106
Sample size determination 107
The prevalence of Giardia among horses in Jordan or the Middle East has 108 not been previously reported. However, as there is no previous work on the 109 prevalence of Giardia assemblages' among equines in Jordan or the Middle East, 110 prevalence rate of 50% was assumed. According to Thrusfield [21] for an 111 expected prevalence of 50%, the approximate number of samples to be examined 112 is 384 at 95% level of confidence and 5% absolute precision. Representative 113 samples were selected according to estimated density in each study area. A total 114 of 400 samples were collected. The study had at least 80% power at the 5% 115 significance level to detect an odds ratio (OR) ≥ 2 for risk factors present in 50% 116
of controls, and an OR ≥ 3 for those present in 20% of controls. 117 GAGGCCGCCCTGGATCTTCGAGACGAC-3′) were used to amplify a 753bp 165 fragment [23] . The second PCR reaction amplifying 511bp fragment was 166 performed using internal primers pair; forward G5 (5′-167 The amplified products were digested using 10 U/µl of HaeIII (New 177
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England BioLabs, R0108L, UK) in a final volume of 20µl for 3 h at 37°C. 178
Digested pattern visualized on 3% agarose gel with ethidium bromide stain used 179
for assemblage analysis, according to previous reports [24] . Appropriate 180 negative and positive controls for each assemblage were employed. The test has 181 a high sensitivity and specificity comparable to ssrRNA giardia gene [23] . To 182 confirm the RFLP findings another PCR assay using assemblage A and B 183 specific primers targeting the triose phosphate isomerase (tpi) gene was 184 performed as described by Bertrand et al. [22] . 185 186
Statistical analysis 187
Data were stored in a database and analyzed using Epi-Info 7 (CDC, 188
Atlanta, Georgia) and SPSS version16.0 [25] . The true prevalence was calculated 189 using apparent prevalence, test sensitivity and specificity according to Rogan and 190 Gladen [26] . The 95 % confidence interval was calculated for the prevalence. (Table 2a) . After forward selection, only the 225 season autumn was significantly associated with Giardia infection (Table 3) . 226
Similarly, species and season were associated (p < 0.2) with Giardia assemblage 227 E infection (Table 2c ) and after forward selection the model revealed that only 228 spring season was associated (Table 3) . Of the five variables/categories, age 229 group and season were associated (p < 0.2) with Giardia infection assemblage A 230
in equines (Table 2b ) and after forward selection the model had only winter 231 season (Table 3) . With regard to Giardia assemblage B infection, species was 232 the only variable associated (p<0.1) with this assemblage in the univariable 233 tests than most reported rates. The tests used had a high sensitivity and 259 specificity using one sample [23, 27] . In addition, the nature of horse husbandry 260 with restricted movement, limited grazing and low density, might have played a 261 role in lowering the infection rate compared to other parts of the world. here is considered high when compared with the prevalence rate of Giardia in 282 horses worldwide (Table 4b) . 283
Other studies reported that B as the dominant assemblage in horses [7, Most studies reported the occurrence of assemblage E in horses (Table  291 4b). The percent of assemblage E among evaluated samples ranged from 0% toM A N U S C R I P T
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13 donkeys had assemblage E with percentages ranked second after assemblage A 294
and ahead of assemblage B and similarly the prevalence (Table 1) . Assemblage E 295 has been reported as the dominant assemblage in cattle and sheep [29] [30] [31] . Thus, 296
in Jordan, assemblage E is expected to occur more in equines especially donkeys 297
where most (98%) of domestic animal populations are sheep and goats which 298
have a close association with donkeys. 299
Although this study had the limitation of being conducted during one year 300 period, seasonal influence on the Giardia infection rate, regardless of 301 assemblages, was clear in this paper. The prevalence was highest in the winter 302 (13%) and spring (10%) compared to the summer (6%) and autumn (1%). In 303
Jordan, spring and summer are the main grazing seasons. The increase in the 304 odds of infection in winter can be explained by the contamination of the barns, 305
water and the pasture with infective Giardia cysts from infected animals. This is 306 exacerbated by overcrowded conditions and the rain water flushing the cysts into 307 the environment, spreading them over a wider area exposing the infection to 308 other animals. 309
In the United Kingdom, it is believed that transmission of Giardia is 310
increased by heavy rain [32] . In Jordan, the winter, autumn and spring seasons 311 are wet while the summer is dry with reported shortages of water. Although the 312 effect of rain falls in autumn on cyst dispersal is minimal compared to winter and 313
spring. This may be explained by soil aridity caused by the long hot dry summers 314 which kill the infective cysts and dries out the soil to a significant depth 315
facilitating the absorption of the precipitation occurring during the autumn 316 season washing down the cysts from the topsoil without significant runoff. Thus
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The prevalence of assemblage A is significantly higher in winter (6.8%) 319
while assemblage E was highest in the spring, this can be explained by the source 320 of the infection. As assemblage A presumed to be zoonotic with a winter peak 321 concomitant with the rainy season and the highest rainfall in Jordan. This may be 322 due to the contamination of water resources with the human and animal waste. 323
Conversely, assemblage E which is not considered as zoonotic is more common 324 in hoofed farm animals [29] [30] [31] . The peak prevalence of this assemblage is in the 325 grazing season (spring) and may indicate the role of grazing animals in 326 contaminating the environment. Also, giardiasis is more common in young 327
animals as age resistance usually occurs over time. Spring is the lambing and 328
kidding season with the largest population of susceptible young lambs and kids 329 which would potentially shed large numbers of Giardia cysts leading to the 330 consequent high environmental contamination in the spring. 331
Our study was conducted on apparently healthy adult animals which 332 resulted in the limited effect of age on the prevalence. On the other hand, it is 333 important to study these subclinical animals which serve as reservoir for Giardia 334 that infect humans and other animals. In addition, although samples were 335 collected from 4 different areas representing variable climate zones, there was 336 only a limited effect on Giardia prevalence. The relative proximity between 337 these areas (with 70 km radius), the free movement of animals and trading, and 338 transhumance type of grazing adopted in the Middle East could all explain the 339 minimal area effect on the prevalence. 340
Although using β-giardin PCR-RFLP is a sensitive technique in detecting 341 M A N U S C R I P T
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15 found infecting humans in Jordan. In addition, the absence of mixed assemblages 344 infection in our study might need confirmation using other gene target. Finally, 345
wider studies including other animal species and drinking water quality are 346 needed to document the transmission dynamic of Giardia in Jordan. 347 348 M A N U S C R I P T
Conclusions
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High lights:
• This is the first prevalence and genotyping study to document Giardia infecting equine in Jordan.
• Prevalence of Giardia was more in donkeys when compared with horses • The most prevalent assemblage in horse was A when compared with assemblage B and E • Findings of this study suggest seasonal association with prevalent assemblages of Giardia affecting horses and donkeys
